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Background: As third molar surgery is the most commonly procedure performed in Dentistry and has been ac-
companied by serious postoperative disorders such as pain, edema and trismus, the study aimed to evaluate if 
ultrasound device would be able to reduce such postoperative features. The aim of this study was to assess the ef-
fects of soft tissue flap elevation, osteotomy and odontosection using piezosurgery versus conventional technique 
in mandibular third molar extractions.
Material and Methods: Twenty patients with impacted mandibular third molars underwent tooth extractions using 
two different methods. Ten patients were included in the Piezo Flap Group (PFG - the flap was elevated using 
piezosurgery) and ten patients were part of the Piezo Ostectomy Group (POG - osteotomy and odontosection were 
carried out with ultrasound tips). The contralateral tooth was included in the Control Group (CG - conventional 
technique). The patients were evaluated at postoperative periods of 1, 3, 7 and 14-days. The measured parameters 
were duration of surgery, pain, trismus and swelling.
Results: The mean duration of surgery for the PFG was 17.21 minutes (CG 10.07 minutes) and POG was 40.09 
minutes (CG 15.97 minutes). There was no statistically significant difference in pain and trismus for any of the 
postoperative periods evaluated in PFG and POG (p>0.05). There was a statistically significant difference in 
swelling between the PFG and POG, presenting less swelling at the 3-day postoperative period (p=0.038; p<0,05). 
However, for the remaining analyzed periods there was no difference (p>0.05).
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Introduction
Mandibular third molar extraction is one of the most 
common procedures carried out by oral and maxillo-
facial surgeons (1,2). This surgery involves soft tissue 
incisions, ostectomies, and tooth sectioning and often 
results in postoperative complications such as pain, 
swelling, and trismus (3).
The piezoelectric device uses ultrasonic micro-vi-
brations that cut hard tissue while preserving soft tis-
sue (4,5). The device’s frequency is usually adjusted 
to between 25 and 30 kHz. This frequency generates 
micro-vibrations that are 60 to 210 μm wide, providing 
the device with a power that is greater than 5 W (4,5). 
Ultrasound has been used successfully in endodontic 
surgery, implantology, orthognathic surgery, recon-
structive surgery, otologic surgery, orthopedics and 
neurosurgery (4-7).
Other studies have shown that ultrasound for bone sur-
gery is precise and safe and does not cause bleeding 
within the surgical field. For maxillary sinus lift sur-
gery, ultrasound techniques reduced the Schneiderian 
membrane perforation risk, accelerated bone regenera-
tion, and decreased postoperative pain (8). Goyal et al. 
(9) and Piersanti et al. (10) used piezosurgery to extract 
inferior third molars and observed a reduction in pain 
and swelling when compared with conventional tech-
nique (9,10).
The greatest disadvantage of ultrasound use in bone 
surgery is the increase in surgical time (8). Goyal 
et al. (9) and Rullo et al. (11), reported significantly 
greater operative time for inferior third molar extrac-
tion with piezosurgery compared with conventional 
technique (9,11).
The use of piezosurgery for elevation of mucoperiosteal 
flaps has been suggested as an alternative technique to 
reduce postoperative discomfort and swelling; however, 
this suggestion was made without a sound scientific ba-
sis. Thus, the primary motive for this study is to provide 
a sound scientific basis.
The need for development of minimally traumatic sur-
gical procedures in oral surgery has led to the evolution 
of technological advancements such as piezosurgery.
The aim of this study was to assess the effects of piezo-
surgery on soft tissue flap elevation, osteotomy and 
odontectomy, during the postoperative period of infe-
rior third molar extraction.
The null hypothesis tested was that piezosurgery used 
in flap elevation, osteotomy and odontectomy would 
not bring benefits on the postoperative period of infe-
rior third molar extraction compared to a conventional 
technique.
Material and Methods
All patients who took part in the study signed an au-
thorization and disclosure consent form following the 
medical and ethical protocols of Helsinki statement, 
2013 (12). 
- Study design
Twenty patients were included in this study. The web-
site http:www.lee.dante.br was used for the sample size 
calculation, which substantiates in previous results (10). 
The standard-deviation used was 0.23, the difference 
of means was 0.35, the power of the test was 80% and 
p<0.05, with five patients per group. Therefore, for a 
split-mouth study, ten patients per group were selected 
for this study with two sites of analysis per patient (Piezo 
Flap/ Piezo Ostectomy Group versus Control Group).
 All patients presented with bilateral mandibular third 
molars that were either semi or totally impacted, indi-
cating the need for extraction through bone removal and 
dental segmentation. The third molars should be buried 
or partially buried in mandibular bone, in position B or 
C (below the oclusal plane of second molar) and me-
sioangular (mesially leaned in relation to second molar 
axis) according Pell and Gregory’s classification (13). 
Panoramic radiographs were used to confirm that the 
teeth of both sides in each patient had a similar level of 
surgical difficulty.
Smokers, patients with periodontal disease or uncon-
trolled systemic diseases, and patients using medication 
were excluded from the study.
Each patient had both mandibular third molars removed 
in two different surgeries. The interval between the two 
surgeries was at least 15 days. All surgeries were car-
ried out by the same experienced surgeon.
In each patient, one of the teeth was included in the Con-
trol group (conventional technique) and the other tooth 
was included in the Piezo Flap Group (flap elevation 
with ultrasound tip – 10 teeth) or in the Piezo Osteoto-
my Group (osteotomy and odontectomy performed with 
surgical ultrasound – 10 teeth). The selection of the side 
of the mouth to be used in each group was randomized 
through systematic randomization. A third researcher 
present in the operative room was responsible for taking 
the paper from the envelopes (first “Control” or “Piezo”; 
then “Piezo Flap” or “Piezo Osteotomy”). The exam-
Conclusions: Piezosurgery for tissue elevation of the surgical flap, osteotomy and dental sectioning in mandibular 
third molar extraction surgery promoted less edema in the early postoperative stages in mandibular third molar ex-
tractions despite the longer surgical duration.
Key words: Third molar, piezosurgery, flap, exodontia, ostectomy.
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iner was blinded regarding the surgical method.
The dependent variables in this study were the tech-
nique of flap elevation: manual flap elevation with a 
Molt detacher or with the surgical ultrasound device; 
and cutting of the hard tissues: use of high-speed burr 
or the surgical ultrasound.
The measured parameters were duration of surgery, 
pain, swelling, trismus, and dehiscence in the postoper-
ative period. The patients were evaluated preoperatively 
and at the postoperative periods of 1, 3, 7, and 14-days. 
The examiner and surgeon were different individuals.
- Surgical procedure
After intra and extra oral antisepsis, the patients re-
ceived anesthesia consisting of the inferior alveolar, lin-
gual and buccal nerves block technique using mepiva-
caine 2% with 1:100.000 of adrenaline (Mepiadre Nova 
DFL®, Rio de Janeiro, Rio de Janeiro, Brazil).
In the Control group, a number 15 surgical scalpel blade 
was used for the incision, a number 9 Molt elevator 
(Quinelato®, Rio Claro, São Paulo, Brazil) for the flap 
elevation, and a number 702 burr (KG Sorensen®, Co-
tia, São Paulo, Brazil) connected to a handpiece (KaVo 
do Brazil Ind. Com. Ltd, Joinville, Santa Catarina, Bra-
zil) for removal of the bone and sectioning of the tooth. 
The site was abundantly irrigated with sterile saline so-
lution throughout surgery.
In the Piezo Flap Group, the flap elevation was carried 
out using surgical ultrasound (Fig. 1) and the surgical 
sequence was like the control group.
In the Piezo Osteotomy Group, the osteotomy and 
odontectomy were carried out with surgical ultrasound 
(Piezosonic, Driller®, Carapicuíba, São Paulo, Brazil). 
The osteotomy was carried out in a rectangular shape 
using the ES007R and ES007L tips (Fig. 2) with the ob-
jective of partial removal of the buccal bone cortex. The 
bone block was removed with a tissue detacher [9,20]. 
The odontectomy was carried out with the tip ESOO9. 
The other steps of the extraction were performed in a 
similar way to the Control group.
Fig. 1: Piezo Flap Group. Flap detachment with surgical ultrasound.
Fig. 2: Piezo Osteotomy Group. Osteotomy and odontectomy were 
carried out with surgical ultrasound.
The teeth were removed using a dental extractor and the 
surgical wound was sutured with wire silk 4-0 (Ethi-
con®, Johnson & Johnson, São Paulo, São Paulo, Bra-
zil) using simple sutures.
After surgeries patients received postoperative antibi-
otics (Amoxicillin 500 mg Medley®, Campinas, São 
Paulo, Brazil) orally, every 8 hours for 5 days, a non-
steroidal anti-inflammatory (Nimesulide 100 mg Med-
ley®, Campinas, São Paulo, Brazil) orally every 12 
hours for 3 days, and an analgesic (Dypirone sodium 
500 mg Medley®, Campinas, São Paulo, Brazil) orally 
every 6 hours for pain. The sutures were removed seven 
days after surgery.
- Analysis of the variables
The duration of surgery was defined as the time interval 
(in minutes) between the incision and removal of the 
third molar.
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Pain was evaluated using the visual analog scale, with 
the following scores: 0 (absence of pain), 1-3 (low pain), 
4-6 (moderate pain), 7-9 (severe pain), 10 (worst pain) 
(14). For the data analysis each score received a new 
score to facilitate the statistical analysis. Thus, 0 score 
was considered 1 score; 1-3 variation was considered 2 
score; 4-6 variation was considered 3 score; 7-9 varia-
tion was considered 4 score and, 10 score was considered 
5 score. The pain data representation was performed 
through mean of these new scores among patients.
Swelling was assessed by taking horizontal and vertical 
measurements of the face before surgery and during the 
postoperative periods of 1, 3, 7, and 14-days. The hori-
zontal measurement was the distance from the labial 
commissure to the ipsilateral ear insertion. The vertical 
measurement was from the external canthus of the eye 
to the mandibular angle (located by manually touching 
the inferior border of the mandible) (14).
The measurements were initially obtained using a Ny-
lon wire 3-0 (Technofio®, Goiânia, Goiás, Brazil) and 
the length calculated by placing the wire against a stan-
dard metric ruler. The facial measurements were calcu-
lated in millimeters and expressed as the simple mean 
between the vertical and horizontal measurements (12). 
The percentage of facial edema was calculated accord-
ing to the following equation: (postoperative measure-
ment – preoperative measurement / preoperative mea-
surement × 100) (14).
Trismus was assessed by the measurement of the maxi-
mum mouth opening, using an analog pachymeter, be-
tween the incisal borders of the upper and lower central 
incisors. Trismus was calculated according to the follow-
ing equation: (preoperative measurement – postoperative 
measurement / preoperative measurement X 100) (14).
The presence of dehiscence of the surgical wound was 
evaluated seven days after surgery. Dehiscence was de-
fined as the presence of a tissue gap at the incision site (12).
Additionally, the patient’s preference for each method 
was recorded.
- Statistical analysis
Data were tabulated and compared statistically in the 
statistical program SigmaPlotTM 12.3 (SigmaPlot Exakt 
Graphs and Data Analysis, San Jose, CA). The data 
were compared by Shapiro‒Wilk homoscedasticity test, 
which shows homogeneity. Analysis of variance (two-
factor ANOVA) and post-hoc Tukey test were applied. 
For all tests, the level of 5% was considered significant.
Results
Twenty patients (17 female and 3 male) ranging in age 
from 16 to 37 years, participated in this study. Ten pa-
tients presented vertical third molars, four presented 
mesio-angular molars, four presented horizontal molars 
and two presented disto-angular molars.
The mean duration was 13,02 minutes for the Con-
trol Group (20 teeth), 17.21 minutes for the Piezo Flap 
Group (10 teeth) and 40.09 minutes for the Piezo Oste-
otomy Group.
Tables show the percentage of edema, trismus and anal-
ysis of visual analog scale during the postoperative peri-
ods of each Group. Dehiscence or any other serious post-
operative complications, such as infections, alveolitis, 
paraesthesia, were not observed in any of the individuals.
With regards to the method used, seven patients pre-
ferred the conventional surgery and the other three pa-
tients preferred the piezosurgery.
- Statistical analysis
The percentage of swelling showed a significant decrease 
between the initial postoperative periods (1 to 3 days) 
and final postoperative periods (7 to 14 days). When the 
two study groups were compared three days after sur-
gery, the swelling in the Piezo Flap Group and Piezo Os-
teotomy Group was statistically significantly less than 
the Control group (p=0.038 and p<0.001). In remain-
ing postoperative periods (1, 7 and 14 days) there was 
no statistical difference between the groups (Table 1).
Trismus was not significantly different between groups 
in the postoperative periods (Table 2). However, the 
reduction of trismus was significant overall during the 
postoperative period when compared with the initial 
time interval (1 to 3 days) and final interval (7 to 14 days).
In all groups, there was a reduction in pain scores with 
the increase of the postoperative time. All groups pre-
sented a significant pain score reduction (p<0.001) 
when comparing one and three days after surgery with 
14 days after surgery. The pain scores between each 
postoperative evaluation interval (1 to 3, 3 to 7 and 7 
to 14 days) were not significantly different. There was 
no significant difference between the groups in all ob-
served postoperative periods (Table 3).
Edema (%)
Piezo Flap Group Piezo Osteotomy Group
Day Control Piezo p valor Control Piezo p value
1 2,841 ± 1,759 2,402 ± 1,694 0,217 4.23 ± 2.54 3.83 ± 2.75 0.688
3 2,949 ± 1,066 1,758 ± 1,866 0,038* 7.56 ± 3.23 2.30 ± 0.96 <0.001*
7 1,113 ± 0,873 0,539 ± 1,708 0,312 2.95 ± 2.94 1.96 ± 1.53 0.317
14 0,251 ± 0,542 0,05 ± 0,158 0,723 1.34 ± 1.4 0.59 ± 0.8 0.449
* p <0.05 was considered a statistically significant difference.
Table 1: Analysis of edema comparisons between groups according to observation periods.
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Discussion
Surgical ultrasound has been used in osteotomies to re-
duce tissue injury and preserve soft tissue (7). These 
benefits were the motivation for this study, specifically 
the suggestion that soft tissue is submitted to less injury 
during flap elevation. If the periosteum can maintain 
its structural integrity during detachment from cortical 
bone tissue, this would theoretically result in a major 
increase in postoperative comfort for the patient. In this 
study we also tested sectioning of hard tissues, osteot-
omy and odontectomy, with conventional flap detach-
ment way with a Molt elevator.
One of the limitations of this study is that double blind-
ing was not possible for obvious reasons. However, the 
evaluators were unaware of the surgical technique used.
The method used in this study for exodontia followed 
the conventional technique of anesthesia and access 
to the lower third molars, using a triangular incision. 
Sandhu et al. (14) analyzed two different types of inci-
sion design for the removal of impacted lower third mo-
lars and observed better postoperative results with the 
preparation of a buccal relaxant incision. The authors 
used the same postoperative parameters that were used 
in this study.
The surgical time of the extractions that used the ul-
trasound motor was significantly higher in the Piezo 
Ostectomy Group than Control Group (mean of 15.97 
minutes for the Control Group and 40.09 minutes for the 
Piezo Ostectomy Group). This result corroborates other 
studies that mention this as the main disadvantage of the 
use of the ultrasound motor in third molar extractions 
(9,10,11). In this study, it was observed that the longest 
operative time was the dental sectioning with the ultra-
sound device due to the greater hardness of the dental 
tissues when compared with the bone tissue. Surgical 
time usually correlates with increased trismus, edema, 
pain and the number of analgesics taken by patients. Al-
though the surgical time was significantly higher in the 
Piezo Ostectomy Group, the patients presented lower 
trismus, edema and intake of analgesics. The piezotome 
delivers a micrometric cut involving the minimum sur-
face area; this may be one of the factors that contribute 
to the good results obtained. Osteotomies were done 
with a minimal risk of an increase in temperature and 
marginal osteonecrosis as a result of thermal injury. An 
osteotomy with a piezoelectric motor rarely causes ther-
mal damage to the bone tissue when irrigation is main-
tained and there is no excessive pressure at the tips (5). 
It is believed that during the odontosection the piezo-
surgery should also have generated less heat compared 
to the conventional rotational one, considering that the 
dental tissue, enamel and dentin offer greater resistance 
to the cut in relation to the bone tissue, which may have 
improved our results.
Edema was lower in the Piezo Flap Group and in the 
Piezo Osteotomy Group at all observation periods and 
was significantly lower at 3 days (p=0,038; p <0.001). 
This finding is in line with the results of Al Moraissi 
et al. (15) and Magesty et al. (16) who carried out sys-
tematic reviews and meta-analysis on rotational instru-
ments and piezo-surgery in the removal of third molars. 
In several other studies, the Piezo surgery was also of 
longer duration than the conventional surgery.  With the 
use of rotating instruments, generally larger edemas are 
expected in the postoperative period of longer surger-
ies. A better postoperative was also reported by Keyhan 
et al. (17) and Patil et al. (18) Menziletoglu et al. (19), 
on the other hand, reports that there were no differences 
in the postoperative period between piezo and conven-
tional instruments.
Trismus (%)
Piezo Flap Group Piezo Osteotomy Group
Day Control Piezo p value Control Piezo p value
1 27,646 ± 16,322 24,887 ± 14,664 0,584 31.55 ± 18.08 23.88 ± 20.44 0.303
3 16,874 ± 13,844 10,232 ± 8,287 0,189 25.73 ± 21.89 17.81 ± 16.65 0.287
7 9,504 ± 12,699 6,49 ± 5,802 0,549 14.05 ± 17.98 10.83 ± 12.51 0.664
14 5,707 ± 7,744 1,922 ± 2,547 0,452 7.24 ± 10.88 5.29 ± 9.09 0.793
* p <0.05 was considered a statistically significant difference.
Table 2: Analysis of trismus comparisons between groups according to observation periods.
Visual Analog Scale
Piezo Flap Group Piezo Osteotomy Group
Day Control Piezo p value Control Piezo p value
1 2 2,2 0,554 2,22 1,6 0,095
3 1,8 1,9 0,767 1,44 1,2 0,501
7 1,4 1,6 0,554 1,33 1,4 0,736
14 1,1 1,1 1 1 1,2 0,501
* p <0.05 was considered a statistically significant difference.
Table 3: Analysis of visual analog scale comparisons between groups according to observation periods.
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Swelling, trismus and postoperative pain are often pres-
ent in the postoperative phase of third molar surgeries. 
This was consistent with what was observed in the fol-
low-up period of both groups. At day three of the post-
operative period, patients reported these symptoms as 
intense. The symptoms then decreased noticeably in the 
subsequent observation periods.
The third day after surgery is when swelling typically 
reaches its peak. Thus, the measurements taken of swell-
ing at this time showed the greatest statistical difference 
between the Control and the Piezo Groups. At this time, 
swelling was significantly lower in the Piezo Groups 
than in the Control group, despite the longer surgery 
duration. The smaller edema in the Piezo Groups was 
probably associated with the less injury to the perios-
teum and and lower bone heating. Although the trismus 
difference between groups was not statistically signifi-
cant, the Piezos Groups showed smaller values than the 
Control group in all follow-up periods.
There was no difference in trismus between the groups 
at the observation periods. The results observed in the 
piezo group were lower at all postoperative times com-
pared with the control group, although not significantly 
lower, as also found in the study of Piersanti et al. (10).
Another advantage of using the piezoelectric device is 
the selective cutting of the hard tissues without dam-
aging the soft tissues, which can avoid nerve damage 
when in close proximity with the tooth to be extract-
ed. In addition, a better visibility of the operative field 
has been observed due to the hemostatic effect that the 
tips have on the blood vessels, unlike rotatory instru-
ments. The oscillating tip drives the irrigation solution, 
which allows for better visibility and the evacuation of 
detritus (through the cavitation phenomenon, which is 
implosion of gas bullae into blood vessels during bony 
cutting which produces a haemostatic effect and so re-
duces blood loss) in the operating field, compared with 
conventional osteotomy burs (9).
Most patients reported a preference for the conventional 
method. Two factors contributed to this observation: 
longer surgical duration and discomfort with the noise 
of the ultrasound device, which was a novelty, since the 
high-speed handpiece sound is familiar patients. The 
patients who preferred the piezo method reported less 
edema in the postoperative period, as observed in the 
study of Goyal et al. (9).  However, the study of Goyal et 
al. (9) used the ultrasound device both for the flap eleva-
tion and cutting bone and tooth sectioning.
During the operative time, there was noticeably less 
bleeding and better visibility of the surgical field when 
using the piezo method, similar to results reported by 
Pavlíková et al. (4) and Rahanama (8). This method also 
enabled the surgeon to keep the periosteal plane intact. 
Birkenfield (5) and Rahnama (8) showed that, although 
there was greater need of saline irrigation during piezo-
surgery, this technique still has other benefits, such as ex-
treme precision, safety and selectivity of tissue divulsion.
The main disadvantages of the piezoelectric device used 
on hard tissues is the slow speed of cutting (concerns 
the increased operating time), the rupture of the surgi-
cal tips, especially when used on dental tissues, and the 
cost of the equipment and the ultrasonic tips, which is 
higher than the conventional method (9). The cost of the 
piezosurgery equipment is much higher than the Molt 
elevator and burs. However, the increased patient post-
operative comfort due to reduced edema is a compelling 
factor for its use.
The bone density of the alveoli after extraction of the 
lower third molars with rotary instruments and surgical 
ultrasound was similar in both groups in the study of de 
Freitas Silva et al. (20).
This study concluded that using piezosurgery for tis-
sue elevation of the surgical flap, osteotomy and dental 
sectioning in mandibular third molar extraction surgery 
promoted less edema in the early postoperative stages 
in mandibular third molar extractions despite the longer 
surgical duration.
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